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The aim of this study was to compare uterine two-dimensional and Doppler ultrasonographic parameters in queens suffering from pyometra from those in early pregnancy. Secondly, the effect of the presence of clinical signs of systemic illness on these parameters was also described. Fourteen post-oestrous queens, with uterine luminal content in the absence of embryos were included. According to their outcome (pyometra surgery or parturition), the queens were retrospectively assigned to one of the following groups: Pyometra (PYO; n = 7) or pregnant (PRG; n = 7). In all the queens, two-dimensional and Doppler ultrasound examinations of the uterus were performed. The presence or absence of clinical signs of systemic illness was recorded.
The widest cross-sectional diameter (UD), uterine wall thickness (WT), uterine lumen contents (LC) and uterine artery resistance index (RI) were measured. Uterine horn diameter was higher in PYO group than in PRG group (p < 0.05), while WT (p > 0.1) and LC (p = 0.09) did not differ between groups. Values of RI for PYO and PRG groups were 0.61 ± 0.03 vs 0.53 ± 0.09 (p < 0.05), respectively. PYO cats suffering from clinical signs of systemic illness showed larger UD than those without signs (p < 0.01).
It is concluded that two-dimensional and Doppler ultrasound might be useful to distinguish queens suffering from pyometra from those in early pregnancy. Secondly, the clinical signs of systemic illness were associated with a larger UD.
K E Y W O R D S
cat, Doppler, pyometra, ultrasound, uterine artery Although feline pyometra is often difficult to diagnose, as there may be mild clinical signs and laboratory changes (Hollinshead & Krekeler, 2016; Klainbart, Agi, Bdolah-Abram, Kelmer, & Aroch, 2017) it is considered a potential medical emergency. Consequently, the disease could have been progressing for a longer time when being diagnosed, which may lead to a more severe illness (Jitpean, Ambrosen, Emanuelson, & Hagman, 2017) .
Ultrasound is one of the most important tools to diagnose pyometra in dogs and cats (Davidson & Baker, 2009; Hollinshead & Krekeler, 2016) . In cases where uterine luminal fluid is scarce, twodimensional ultrasonographic differentiation between pyometra and early pregnancy is a hard task, mainly if the embryo is not yet observable (Schlafer & Gifford, 2008) . Moreover, endometrial hyperplasia might be present in both entities, making the diagnosis even more difficult (Zambelli & Prati, 2006) .
In dogs, Doppler ultrasound has proved to be able to differentiate pyometra from other uterine conditions (Batista et al., 2016; Veiga et al., 2017) . However, the use of Doppler ultrasound to assess feline pyometra has not been reported so far. The evaluation of uterine artery Doppler parameters could contribute to improve uterine diseases diagnosis in this species.
The aim of this study was to compare uterine two-dimensional and Doppler ultrasonographic parameters in queens suffering from pyometra with those in pregnancy. Secondly, the effect of the presence of clinical signs of systemic illness on these parameters was also described.
| MATERIAL S AND ME THODS

| Animals
Fourteen mixed-bred, post-oestrous (14-40 days), 6 months to 12 (2.93 ± 2.9) years of age, weighing 2.2-4.5 (2.9 ± 0.6) kg queens, with uterine luminal content and without embryos (assessed by ultrasound, see below) were included in this study. The presence or absence of clinical signs of systemic illness (depression, inappetence, fever, polyuria, polydipsia, vomiting and diarrhoea) was also recorded. According to their outcome (pyometra surgery or parturition), the queens were retrospectively assigned to one of the following groups: Pyometra group (PYO; n = 7) or pregnant group (PRG; n = 7). This study was reviewed and approved by the Animal Care and Use Committee of the Veterinary School of the National University of La Plata, Argentina (IACUC No. 56-2-16T). An informed consent was signed by the owners of the cats.
| Ultrasonographic evaluations
In all the queens, two-dimensional, colour and pulsed-wave Doppler ultrasound examinations of the uterus were performed once, with a 14-MHz linear-array transducer (Toshiba Nemio XG, Japan). The animals were gently restrained in lateral recumbency without sedation. Two-dimensional ultrasound was used to identify the uterine body in a transverse axis. Both uterine horns were evaluated immediately cranial to the uterine body bifurcation. The widest cross-sectional diameter (UD; mm), uterine wall thickness (WT; mm) and uterine lumen contents (LC; mm) were measured in the transverse section of the left and right uterine horns as previously described (Davidson & Baker, 2009 ).
Left and right uterine arteries were localized at both sides of the uterine body with colour Doppler, and the waveforms were obtained by pulsed-wave Doppler (Blanco et al., 2014) . To minimize variability, three uniform consecutive waveforms were recorded by a trained operator. Peak systolic velocity (PSV; m/s) and end diastolic velocity (EDV; m/s) were measured in both arteries to automatically calculate resistance index (RI; Blanco, Arias, & Gobello, 2008) .
| Statistical analysis
The age of the animals, and two-dimensional and Doppler ultrasonographic parameters, including both uterine arteries, were compared F I G U R E 1 Uterine artery resistance index (mean ± SEM) of queens with pyometra (PYO; n = 7) vs. pregnant queens (PRG; n = 7), 14-40 days from the onset of oestrus. Different letters represent differences between groups (p < 0.05) F I G U R E 2 Uterine horns diameter (mean ± SEM) of PYO queens of Figure 1 with (n = 4) and without (n = 3) clinical signs of systemic illness. Different letters represent differences between groups (p < 0.05) between groups by the Student's t-test. In the PYO group, the effect of the presence of signs of systemic illness on ultrasonographic parameters was also analyzed using the same test (SPSS 18.0; SPSS, Chicago, IL, USA). The level of significance was set at 0.05.
| RE SULTS
Age in PYO and PRG groups were 4.8 ± 4 and 2.2 ± 1.2, respectively without differences between groups (p > 0.1). Four out of seven and 0/7 of the cats of PYO and PRG groups, respectively, presented signs of systemic illness, and one of these four PYO queens had also vulvar discharge. 
| D ISCUSS I ON
To our knowledge, this is the first report of Doppler ultrasonographic assessment of feline pyometra. To further characterize the disease in this species, some clinical aspects were also considered. It is noteworthy to remark that although feline pyometra is not as prevalent as the canine counterpart, it is the most frequent uterine disease in cats (Hagman, Ström Holst, Möller, & Egenvall, 2014; Hollinshead & Krekeler, 2016) . In the present study, queens affected had a mean age of 4.8 years, which is in line with a previous report where cats with pyometra were diagnosed at a median age of 4 years (Hagman et al., 2014) .
Queens suffering from pyometra showed a higher uterine RI than those in early pregnancy. This is in line with a previous report in cats where uterine RI significantly decreased during the first 10 days of gestation (Blanco et al., 2014) . As 14-day pregnant queens were included in the present study, a decline in uterine artery RI was expected. Different mechanisms have been postulated to cause the gestational increase in uterine perfusion. It has been suggested that during early feline pregnancy matrix metalloproteinases increase, playing an important role in vascularization and implantation (Agaoglu et al., 2016) . In the case of pyometra, vascular endothelial growth factor and prostaglandins are the molecular mediators that may be involved in the vascular changes (Hagman, 2017; JurszaPiotrowska & Siemieniuch, 2016; Veiga et al., 2017) . The dissimilar signal pathways activated in these processes might explain the uterine blood flow difference found between PYO and PRG groups.
Further studies including early pseudopregnant cats would be necessary to unveil how uterine artery RI changes in these cases.
In women with uterine infection, Doppler ultrasound has been found to be a useful tool to evaluate medical treatment response manifested as a significant decrease in uterine blood flow (Tinkanen & Kujansuu, 1993) . Female cats responding to medical treatment may also show this blood flow decrease. The possibility to follow up the evolution of treated patients could improve the clinical outcome, avoiding unnecessary surgery in valuable queens. Furthermore, the prognostic value and utility of Doppler for therapeutic elections remain to be determined in this species.
Only one queen (14%) in this study presented vulvar discharge and clinical signs of systemic illness. This is in line with previous reports stating that feline pyometra is characterized by obscure clinical presentations (Hollinshead & Krekeler, 2016) . Moreover, in these feline pyometra cases, the presence of clinical signs of systemic illness was associated with larger UD. This is in agreement with a canine report in which closed cervix pyometra was associated with more severe illness (Jitpean et al., 2017) . This might indicate that the increase in LC would be likely to cause sepsis and therefore to produce overt clinical signs. Importantly, all PYO queens with systemic signs had UD larger than 25 mm. Considering that feline pyometra may begin as a sub-clinical, unrecognized disorder that rapidly evolves into a severe life-threatening disease, large UD could be suspicious of imminent sepsis.
In queens, further exploration of imaging techniques is of extreme value for the early diagnosis of uterine diseases. Early diagnosis and subsequent early therapeutic intervention might maintain fertility and prevent progression to more severe disease stages.
It is concluded that two-dimensional and Doppler ultrasound might be useful to distinguish queens suffering from pyometra from those in early pregnancy. Secondly, clinical signs of systemic illness were associated with a larger UD. 
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